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089.

For larger systems that arc being built to meet Duke’s “designated™ and “mandated”
programs, I recommend Duke assume that 100% of future builds will be single-axis trackers.
The cost premium of tracking systems has declined over time, and as shown by the market
evolution, the additional energy and capacity benefits that come from trackers more than
compensates for the price premium.

I also recommend that Duke remove the 500 MW limit from its base case and instead
model the higher 900 MW limit from its high renewables sensitivily. Duke’s own plans will
require much higher levels of interconnection in the future, making it imperative that the

Company pursue changes that will allow higher rates now.

F. Duke's Development Timeline for SMR and Pumped Hyvdro Resources is

Inconsistent with fts Own Data

WHAT ASSUMPTIONS DOES DUKE HAVE RELATED TO THE AVAILABILITY OF SMRs?

Duke assumes that SMRs will be utilized in two of its six portfolios. The first, “70% CO:
Reduction: High SMR™ assumes that 1,368 MW of SMR capacity will be online by 2029. The
second. “No New Natural Gas™, assumes 684 MW of SMR capucity will be online by 2035.'"
WIHAT ASSUMPTIONS DOES DUKE HAVE RELATED TO PUMPED HYDRO?

Duke assumes that a 1,620 MW of new pumped hydro capacity will be online in 2034 in three
portfolios: both 70% CO> reduction portfolios and the No New Natural Gas portfolio.

WERE THESE RESOURCES SELECTED AS PART OF THE MODELING OPTIMIZATION PROCESS?
No. These resources were not selected through the modeling optimization process, but rather
added manually afier the fact in cach of these portfolios.'™

Din DUKE PROVIDE OTHER INFORMATION RELATED TO THE DEVELOPMENT TIMELINE OF

SMR PROJECTS?

""" Exhibit KL-13, Duke Response to SCSBA RFP 2 (producing Duke response o DR PSDR 3-14),
' Exhibit KI-14. Duke Response to SCSBA RFP 2 (producing Duke response to DR NSCEA 7-3).
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Yes. Duke provided this information in response to a question when SMRs are assumed to be
online:

SMRs modeled for the IRP have cight (8) year capital spend, with the first two
(2) vear [sic] primarily focused around licensing, and the final six (6) vear [sic]
being construction, testing. and commissioning. As stated in the IRP. the
company recognizes the challenges with integrating a first ol a kind technology
in a relatively compressed timelrame are signilficant. Therefore, these cases are
intended to illustrate the importance of advancing such technologies as part of
a blended approach that considers a range of carbon-free lechnologies to allow
deeper carbon reductions.'™

In other words, Duke would have to begin activities related to SMR deployment this
year in order for these units to be online in 2029. Given this case will not be decided until the
middle of 2021, and Duke is not requesting approval to build an SMR in its TRP, Duke’s own
development timelines are incompatible with its assumption that SMR capacity would be
online in 2029,

ARE THERE ANY ACTIVE SMR PROJECTS IN DEVELOPMENT THAT CAN PROVIDE INSIGHT TO
THIS CHALLENGE?

Yes. There is a project under development by Nuscale in Idaho that had secured ofttake
agreements from a number of municipal utilities in Utah. Nuscale spun out ol Oregon State
University in 2007 and began development of the SMR. The project proposes using twelve 60
MW SMRs to form a single 720 MW facility housed at the Department of Energy’s Idaho
Mational Laboratory.

Last fall, after another round of project delays and cost increases pushed the cost
estimate from $4.2 billion in 2018 to $6.1 hillion in 2020, several of the municipal unlitics

exited their positions.'™

The project recently received $1.4 billion in financial support from
DOE to help keep the eventual price of power from the SMR 1o under 5535/ MWh, the maximum

' " s, ety 1A
amount provided by the agreement with the municipal utilities.”

'™ Exhibit KL-2.
M pps s Sweww utilitvdive.comd news/design-updates-financial-shakeup-prompt-utilities-to-rethink-stucture-

alf389262/.

M hitps:/www eneray gov/ne/articles/doc-approves-award-carbon-free-power-project.
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Even with this financial support from DOE and having been under development for
more than a decade, the facility has not yet received its design certification from the Nuclear
Regulatory Commission, although it did pass a key milestone in receiving its salety evaluation
report in August 2020. Nonctheless. Nuscale plans to begin construction by December 2025
and have the first module in service by 2029, the same year Duke contemplates a fully-
operational SMR facility.""”

Q91. DIp DUKE PROVIDE OTHER INFORMATION RELATED TO THE DEVELOPMENT TIMELINE OF

PUMPED IYDRO?

I-._I
ABL. Yes. Duke provided a confidential study performed by ;n ?ugegarding

potential greenficld locations for additional pumped storage located on or about |

—

!“"‘ This study included cost estimates forl__ }sites and an
environmental, regulatory, and licensing analysis on new pumped hydro. The kev details for

these projects are shown in Table 5 below,
BEGIN CONFIDENTIAL

END CONFIDENTIAL
Q92. WHAT WAS THE DEVELOPMENT SCHEDULE ASSOCTATED WITH THESE FACILITIES?

A92, 'Jl't}jr:t:[cd a 13-year development timeline for cach of the facilities. This included
T T——

eight years of engineering, environmental, and regulatory studies followed by five vears of

B hitips: AW, SCIENCEINAE. O Mews :_1_].-_'“ 11 5-;_‘1.'|:r'd|__|_H—|_]T|_]|'|1l;:.-b:_n;k.r_'.uj_dm{]_hui||_1_r‘|f:.1, Q_E-__n[i.;l.gnr-pn;_n.u cr-plant.
""" Exhibit KL-15, Duke Response to SCSBA RFP 2 (producing Duke response to DR NCSEA 2-36),
" Converted using BLS CPI Inflation Calculator, available at hips://www blsgov/data/inflation_calculator him.
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construction. Based on this schedule, for these units to be online in 2034. development would
have to begin in 2021, Given this case will not be decided until the middle of 2021, and Duke
Is not requesting approval to build pumped hydro capacity in its IRP, Duke’s own development
timelines are incompatible with its assumption that new pumped hydro capacity would be
online in 2034,

WIIAT IS YOUR CONCLUSION REGARDING THE INCLUSION OF SMR AND PUMPED IIYDRO N
SOME OF DUKE’S PORTFOLIOS?

Based on Duke’s own assessments, the timelines projected for SMR and pumped hydro are
unattainable. While Duke admits that some of its portfolios are “intended 10 illustrate the
importance of advancing such technologies™, it is unfortunate that all three of Duke's deep-
decarbonization porttolios rely on resources that, based on Duke’s own assumptions, are not
likely to be deployed in time to attain the carbon reduction. The Commission should request
that Duke construct a decp-decarbonization portfolio that does not requite resources with
unachicvable development timelines, but rather focuses on more robust deployment ol existing

resources such as solar, wind. and storage.

DUKE'S NATURAL GAS PRICE FORECAST AND SENSITIVITES ARE FLAWED

AND BIASED DOWNWARD

WHY IS THE NATURAL GAS PRICE FORECAST AND YOUR CRITIQUE OF ITSO CRITICAL TO FULLY
UNDERSTANDING DUKE’S TRP FILING, ITS PORTFOLIO CONSTRUCTION, AND THE RISK
ASSESSMENT OF THOSE PORTFOLIOS?

The natural gas price forecast is one of the most important input assumptions in Duke's
modeling. This mput impacts how Duke’s modeling sclects between resources as it optimizes
capacity additions across the IRP planning horizon. In the model, Duke enters the IRP planning

period with substantial coal capacity and generation, with 18% of capacily and 16% of total
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" By 2035, most of the

generation coming from coal under the Base case with Carbon Policy.
coal has been retired, and the amount still operating only produces 1% of total generation. How
this coal capacity and encrgy will be replaced is the fundamental question of this case and
mirrors the broader evolution ol the electricity sector across the country.

Duke’s model currently favors natural gas over renewables and storage to replace the
retiring coal, as demonstrated by the small amounts added by the model optimization under the
two base cases.'"' However, this modeling outcome is not a reflection of the merits of natural
gas over renewables, but is instead a mathematical result of the model’s assumptions. Further,
this mathematical result is heavily influenced by the natural gas price forecast that Duke uses,
which is in turn based on low market prices from the illiquid portion of the natural gas futures
price curve. By exclusively using fen years of market prices, and relying on those same
forecasts for five more years, the model is biased towards building and running natural gas
assets. This means that natural gas CC units built in 2027 and 2028 clears out the capacity
need for many vears 1o follow, which, under Duke’s modeling set up. prevents any more
capacity from being built.

But this modeling relies on flawed inputs. A natural gas forecast based more on
fundamentals-based forecasts and less on volatile market prices is not only more robust but
also presents the model with higher natural gas prices during the critical mid-2020s through
mid-2030s period, when the first capacity needs arise. Under this scenario, the economics of
building and operating natural gas CCs and CTs will be relatively more cxpensive than
deploying renewables and storage, and the model optimization may reach a very different result
that instead is weighted towards zero-carbon renewables and storage.

This has a meaningful impact on the relative niskiness of Duke’s porttolios. Duke has

already acknowledged the need to transition away from fossil fuels. However, its modeling

/2 J0 G abed - 3-Gzz-6102 # 19900 - 9SdOS - Wd 00:€ 22 IudV 120z - a3 114 ATTVOINOYLO3 13

N DEC IRP Report at 107,
" The mode! does not select any solar in the Base case without Carbon Policy beyond what Duke manually added.
and only sclects 25% of the total solar in the Base case with Carbon Policy.
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assumptions, driven in large part by its natural gas forecast, result in the addition of massive
quantities of natural zas generation well into the future. In fact, Duke’s Base case with Carbon
Policy shows generation trom natural gas CCs growing from 21% in 2021 to 31% in 2035,
only to be bolstered further by additional CCs past 2035.""% [t has not adequately analyzed the
risk associated with firm fuel supply and costs or potential carbon policy in the future, must
less reconciled these new gas plants with its 2050 net-zero goal.

Simply put, Duke’s Nawed natural gas forecast leads to portfolios that are heavily
weilghted towards natural gas generation instead of ones based more on renewables and storage.
If Duke were to follow this path, it would unnecessarily expose its customers and its
shareholders to substantial and avoidable nisk.

PLEASE PROVIDE AN OVERVIEW OF THIS SECTION OF YOUR TESTIMONY,

For the reasons discussed above. | have developed extensive testimony that walks the reader
trom Duke’s construction of ils forecast through the likely linal impacts of 1ts choice, T detail
Duke’s methodology of using market prices for ten years before fullv swilching to a
fundamentals-based forecast by year sixteen in constructing its natural gas forecast and high-
and low-price sensitivities. | draw a straight line from the lack of liquidity in the futures market
to the lack of robust long-lerm price formation for the specific financial instrument Duke used
I:I:l establish the market prices. 1 also show that long-term futures prices primarily reflect short-
term volatility rather than being reflective of the macrocconomic dynamics that influence long-
run prices. | then discuss the flaws in Duke’s approach to producing its high- and low-price
sensitivity, before concluding with observations about the potential collective impact of these
choices on Duke’s IRP modeling that may have resulted in more natural gas and less solar and
storage resources being added in the future.

WIHAT ARE YOUR PRIMARY CONCLUSIONS?

"I DEC IRP Report at 107,

6

L2 J0 9 abed - 3-Gzz-6102 # 19900 - 9SdOS - Wd 00:€ 22 IudV 120z - a3 114 ATTVOINOY L0313



(]

AY6.

Duke’s natural gas forecast is highly problematic. It begins with a flawed assumption that its
ability to purchase de minimis quantities of natural gas on ten-year contracts justifies its
decision to basc the first ten years of its model entirely on market prices. I show how prices
from the financial instrument it used to secure the gas supply are directly derived from futures
contracts, and how the prices for those futures contracts beyond two vears are based on almost
no markel transactions.

I then show how near-term price volatility in the natural gas futures market works its
way inlo the long-term portion of the futures price curve. As part of this analysis. | show the
sizable week-lo-week volatilily that occurred in 2020 meant that if Duke had locked in its gas
forecast a few weeks earlier or a few weeks later, it would have produced a meaningfully
different result.

The fact that a key input like the first ten years of natural gas prices is so exposed to
short-term volatility is a clear sign that it should not be relied upon for more than a few years,
To counter this. I propose an alternative forecast methodology that would smooth the short-
term volatility in the markel prices and only rely on them exclusively for 18 months before
transitioning over 18 months to a fundamentals-based forecast.

Next, I discus the methodology that Duke used to construct its high- and low-price
sensitivities. Because the Company’s method is entirely based on the short-term price
volatility of futures contracts, extrapolating out ten years produces a “random walk” result that
deviates substantially from fundamentals-based forecasts. The resulling sensitivities contain
disjointed segmenis that would require a bizarre sequence of massive policy shifts to bring to
fruition,

Finally, I discuss how Duke’s natural gas price forecast might have impacted its IRP
results and why it is critical that the modeling be updated with better assumptions. These

torecasts impact asset selection, PVRR, and carbon emissions, and play a key role in the risk
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assessment that Duke should have produced between its several portfolios. Leaving this many

outcomes dependent on a flawed natural gas price forecast 1s highly inappropriate.

A Duke’s Use of Market Prices for Ten Years is nappropriate

How waAS DUKE™S NATURAL GAS PRICE FORECAST DEVELOPED?!

Duke based its forecast on “market prices™ from financial instruments that were prices based
on natural gas futures contracts for years | through 10, transitioned linearly to a fundamentals-
based forecast from vears 11 to 13, before utilizing a fundamentals-based forecast from year
16 forward. The Company also developed a high- and low-price sensilivity, applying a
statistical methodology to market prices before transitionmg to two Encrgy Information
Administration (EIA) Annual Energy Outlook (AEO) [undamentals-based forecast
scenarios.”?  The resulting annualized forceast is shown below in Figure 14, This is a

recreation of Figure A-2 from the DEC TRP Report and clearly delineates the three disjointed

sections ol 100% market prices and 100% fundamentals-based forecast, joined by the five-year

transition hetween the nwo.

13 DEC TRP Report at 157-158.
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Duke Annual Natural Gas Forecast - IRP Figure A-2
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Figire {4 - Duke Annwal Natweal Gas Foreoast - IRP Figure A-2

WHAT MARKET PRICE DOFS DDUKE USE IN ITS FORECAST?
Duke uses market prices based on a 116-month fixed price swap for 2,500 dits/day for May
2020 through December 2029."'" The fixed-price swap (or swap) is a financial derivative that
allows market players to hedge their future purchases or sales of a commaedity by locking in a
fixed price now rather than facing the market price in the future. For a purchaser of natural
gas such as Duke, buying a swap allows it to lock in its natural gas fuel price in the future and
reduces the risk associated with market price fluctuations. If the market price in the future is
higher than the swap price, then Duke will save money, but if it is lower. it will lose money.
That said, the point of hedging in general is not to speculate on the future price of natural gas
(there are other ways to accomplish that), but to reduce risk of Duke’s financials associated
with natural gas price fluctuations,

The monthly price of the swap is based on another linancial product called a futures

contract (also referred to as just futures). These contracts are financial instruments between

M Exhibit KL-16, Duke Response to SCSBA RFP 2 (producing Duke response to DR NCSEA 5-3).
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two parties (a buyer and a seller) that gives the buyer the right to receive and obligates the

seller to dehiver a certain quantity of natural gas at a certain price at a certain place in the

115

future.”™ For cxample, one can purchase a futures contract that would give the buyer the right

to receive 10,000 MMBtu of natural gas in July 2024 at Henry Hub at $2.433 / MMBw.''® It

in July 2024 the spot pricc (i.¢. the then-current market price) for natural gas is $3.00 / MMBtu,
the holder of the futures contract would have the right 1o receive it from the seller for $2.433 /
MMBtu for gas rather than the higher market price.

Swaps and futures are different but related products. Futures contracts are standardized
(same quantity, same delivery location) and settle through the NYMEX exchange and obligate
physical delivery or receipt of a product. Swaps, by contrast, can be customized to meet the
requirements of the buyer or seller, such as changing the location of delivery, and can be
purchased through brokers or through commodities exchanges.
WHAT IS A FUNDAMENTALS-BASED FORFCAST?
A fundamenials-based forecast uses a model that simulates entire seclors of the economy 1o
determine supply. demand, and prices for commodities. The FETA AEO uses the National

Encrgy Modeling Systems (“NEMS™) model tor this purpose, ELA describes NEMS as

a computer-based. energy-cconomy modeling system for the United States.
NEMS projects the production, imports, conversion, consumption, and prices
of energy. subject 1o assumptions on macroeconomic and financial factors,
world ecnergy markets, resource availability and costs. behavioral and
technological choice criteria, cost and performance characteristics of energy
technologies, and demographics.'"’

Q100. WHAT IS THE DIFFERENCE BETWEEN PRICES FROM NATURAL GAS FUTURES CONTRACTS AND

SWAPS AND THOSE FROM A FUNDAMENTALS=-BASED FORECAST?

/2 10 0l 9bed - 3-Gzz-6102 # 19900 - DSOS - Wd 00:€ 22 IudV 120z - a3 114 ATIVOINOY L0313

'* Futures rarely result in physical delivery of the product. Instead, holders of the contracts tvpically close their
ositions priot to physical delivery.

g | BL

"% hittps. www.cmegroup.com/rading/energy natural-gas/natural-was gquotesalobex. himl,

""" The National Energy Modeling Svstem: An Overview 2018, available at

htips:www.eia. govioulooks/'aco/nems/overview/ pd 058 1{ 201 8 1.pdf,

nlips:
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Much like equities in the stock market, futures prices are affected by market participants buying
and sclling contracts and by factors such as weather or policy changes that may affect future
natural gas supply and demand. Futures prices can be very volatile and reflect the short-run
impacts of factors such as weather and natural gas storage capacity. Futures are also used by
produces or consumers of natural gas to hedge their planncd natural gas sales or purchases and
can be traded by anyone simply looking to speculate on expected changes in price. All of these
factors, including purchases by companies like Duke and commodities speculators haltway
around the world, impact the price of these tinancial derivatives.

By contrast, a fundamentals-based forecast such as AEQ eliminates much of the short-
term noise from commodities traders and weather, focusing instead on the underlying factors
and policies that drive long-term behavior. AEO contains numerous policy scenarios that
determinc how prices will respond to, for example, the introduction of a carbon price or federal
clean energy legislation, or a sudden increase or decrease in the availability of natural gas or
oil at low prices. These changes filter through the entire model. meaning that the supply.
demand, and prices that emerge reflect the holistic result of the fundamentals, not short-term
trends driven by weather or trading activity.

HOW ROBUST ARE THE FUTURES MARKET PRICES?

The robustness or “efficiency” of market prices'' is heavily driven by a market’s liguidity;
illiquid markets or products that have few trades and low volume are less robust and produce
less efficient prices than liquid markets with many participants. The most popular natural gas
future is the Henry Hub Natural Gas (“NG”) future found on the NYMEX exchange.'"” While
there is considerable volatility in the price of these contracts, as the third-largest physical
commodity futures contracl in the world by volume. it is very liquid — for some time periods.

WIAT DO YOU MEAN “FOR SOME TIME PERIODS™?

""* In this context, efficient pricing is one that incorporates sufficient relevant information that allows buyers and
sellers to make informed decisions aboul the value of the assets they are trading.

119

htips://'www cmegroup.com/i ading/energy/nymex-natiral-gas-futures. himl#ab 1.
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Trading exchanges list two metrics of markel activity: volume and open interest.  Volume
reflects the total amount of activity in a day (i.e. the total number of contracts that were bought
or sold) while open interest reflects the total number of contracts that are outstanding (i.e. how
many open contracts exist between buyers and sellers). The NG future offers monthly prices
for the current year and nexl 12 calendar years. meaning that one can in theory lock in the price
for delivery of natural gas between next month and December 2033, However, the
overwhelming majority of market activity is constrained to contracts less than a year in the
future, and there is almost no market activity for contracts more than tbwo years in the future.
WHY IS THAT IMPORTANT?

It is important because higher market activity leads to more accurate price formation, and
conversely, low market activity leads to poor price formation. Imagine a saleswoman is selling
a blue widget and wants to know what its value 1s 1o purchasers. 1T the saleswoman asks only
one person what they would pay for it, the answer may be dependent on somewhat random
factors such as whether that person liked the color blue or il they already had a widget. Tf she
happened to ask a prospective customer who liked blue, the perceived value of the widget may
be higher than if she happened to ask someone who preferred red. But if the saleswomen asks
100 people, or 1.000 people, or 1,000,000 people, more information can be mcorporated into
the price and the saleswoman will have a much better sense of how much customers will pay
for the widget.

EXACTLY HOW LITTLE MARKET ACTIVITY EXISTS IN NATURAL GAS FUTURES BEYOND TWO
YEARS?Y

The market activity drops substantially as one moves into the future.'*" Figurc 15 below shows
the cumulative trading volume of all NG futures contracts averaged over the days of January

20, 2021 to February 2, 2021. On those days, 77% of all volume was for futures contracts no

2as_guotes globex hunl
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more than six months in the future, 94% for contracts up to a year oul, and 99.1% for contracts

up to eighteen months out. There was no trading at all for contracts past May 2024.

Cumulative Volume of NG Futures
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Figuve 15 - Cunndative Foluime of NG Fulires

Figure 16 below shows a similar chart but for open interest. The curve is slightly
flatter, with 86.2% ol open interest for contracts within one year and 98.1% for contracts within
two years.  Only 0.083% of all open interest in the most liquid natural gas exchange in the
world is for contracts from January 2026 and beyond. To put that in perspective. the number
of open contracts in the next 12 months is roughly equal to 85% of the natural gas volume used

by the entire U.S. eleciricity power seclor in 2019, By contrast, the total number of open

Lz o €| 9bed - 3-GZz-6102 # 19904 - DSOS - Wd 00:€ 22 IudY 120z - a3 114 ATIVOINOY L0313

contracts from January 2026 through December 2033 would only be cnough to power a single
1.200 MW NGCC plant for two and a half months."”" This paltry volume does not support

robust price formation.

! As of closing on 1/28/21, there were 973,194 open contracts of 10,000 MMBtu cach for March 2021 through
February 2022, This is equal to 9.732 bef. According 1o EIA, the U.S. electricity power sector used 11,287 bef of
natural gas in 2019. On that same day, there was a total of 1,317 open contracts for January 2026 through December
2033. In a typical 7,000 heat rate NGCC unit. this would produce 1.881 GiWh, the same amount from running the
plant for 78 days.
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Cumulative Open Interest of NG Futures
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DOES THIS LACK OF LIQUIDITY IN THE LONG-TERM FUTURES MARKET TRANSLATE INTO
SWAPS?

Yes, it does. While swaps are not the same product as futures. they are priced based on futures
contracts with potential incremental charges for brokers fees or risk premiums.  This
relationship is clear when one inspects the price of Duke’s swap with the corresponding tutures
contract from that day, as shown in Figure 17 below. The prices of the two instruments are

in the swap in the out years.
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Because of this, the lack of liquidity in the market for futures more than five years oul
becomes embedded in the price of a swap. So while Duke may be able 1o procure small
amounts of natural gas through 10-vear swaps, it does not mean that the prices on which they
are based have been robustly set by the market.

Q106. DUKE HAS ARGUED THAT ITS ABILITY TO PURCHASE SMALL AMOUNTS OF GAS ON A TEN-YEAR
FORWARD BASIS DEMONSTRATES THE MARKET IS SUFFICIENTLY LIQUID TO RELY ON ITS
PRICES." HOW MUCH NATURAL GAS SUPPLY DID DUKE SECURE IN THE SWAP DISCUSSED
ABOVE?

A106. It procured 2,500 decatherms/day, equal to 2,500 MMBtu per day. In a natural gas combined
cycle unit with a typical heat rate of 7.000, this is sufficient to gencrate about 357 MWh per

day or 130 GWh per year. Considering that DEC and DEP combined have forccasted sales of

See e.g. Reply Comments of Duke Encrgy Carolinas, LLC, and Duke Energy Progress, LLC, Docket Nao. E-100,
Subl38 at 17. Available at hups:/starw | ncuc net NCUC/ ViewFile, aspx Ad=Tc33d38d-fele-4Tac-58127-
d96222c30038.

122
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154,228 GWh in 2020, the natural gas fuel needed to supply 0.08% of Duke’s annual

generation secured the swap is simply de minimis.'*

It Duke wishes 10 use market prices for up to ten years in its gas forecast, it should
obtain market quotes from reliable brokers for a meaningful quantity of gas to sce il they are
available and at prices comparable to small purchases, For instance, it would be instructive to
see the price to purchase 50% of Duke’s projected natural gas consumption from for the next
ten years on a fixed price contract. T there is even a counterparty willing to sell this contract.
it will likely contain a price premium that makes it substantially more expensive what Duke
has demonstrated through relatively tiny purchases.

Q107. DoES DUKE ACTUALLY LIMIT ITS USE OF MARKET PRICES TO TEN YEARS?

A107. No. Despite what Duke claims in its IRP report, it is using market prices to define or influence
its natural gas forecast for a full 15 years. Duke relies entirely on market prices for the first 10
years of its forecast. Only after this point does it switch linearly from the market prices to the
fundamentals-based forecast. So while the influence of market prices diminishes each vear
after year 10, it continues to impact the final forecast until year 16.'*

(Q108. DID DUKE OBTAIN MARKET PRICES FOR THIS FULL 15 YEARS?

A108., No, il did not. The market prices from the 10-year swap stop in December 2029, Monthly
futures available on April 9, 2020, the date when Duke locked in its natural gas market price
forecast and its high- and low-price forecasts, only went through December 2032, To extend
these prices to 2035, Duke simply applied the “vear-over-vear growth from the last year of
market data.”"*® The complete lack of market data available for prices this far in the future
should preclude Duke from applying any weight whatsocver to markel prices past twelve years

to its natural gas forccast.

12 2020 IRP_ Model Inputs NON-CONFIDENTIAL.

'** DEC IRP Report at 157,

12 Exhibit KL-17, Duke Response to SCSBA RFP 2 (producing Duke response to DR NCSEA
"*® Exhibit KL-17.
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B. Futwres Prices are Highly Volatile and Incorporate Shovt-Term Volatility into Long-Term

Prices

Q109. HOW ARE PRICES IN THE NATURAL GAS MARKET BEST DESCRIBED?

A109. They are best described as highly volatile. The natural gas indusiry is a sprawling, complex

sector of the economy. Natural gas is used not only by the electric sector for electricity
generation but used heavily in residential and commercial buildings for space and water healing
and by industry as feed stocks for many products. Production, transmission. and storage of
natural gas involves an entire other set of market participants. and there is a vibrant commadity
market where traders and speculators seck profits on natural gas financial derivatives.
Demand for natural gas is highly dependent on weather and storage capacity, leading
to major swings in prices during extreme weather events that afTect demand or natural disasters
that impact supply. Because the market is affected by myriad factors, many of which are
unknowable more than a few days out, daily prices are highly volatile. Figure 18 below shows
the daily Henry Hub spot price from 1997 through 2021."*" Major events such as Hurricane
Katrina in 2005, Hurricane Tke in 2008, and the Polar Vortex in 2014 can be clearly seen

through their impact on prices.

177 hitps://www.eia, gov/dnavingNG_PRI_FUT_S l_Dr.him.
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Henry Hub Natural Gas Spot Price
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Fignre 18 - Henry Hub Natural Gas Spat Price

This volatility in prices and corresponding fulures contracts can be analyzed and
visuahized. EIA maintains a data set of Henry Hub spot prices and corresponding futures
contracts for one, two, three, and four months in the future back to 1997.12% Figure 19 below
shows the ratio of the future contract price to the eventual spot price for each month.'>* While
some periods have been more volatile than others, there have been few if any periods where
the futures price ended up aligned with spot prices. In times of extreme volatility, futures

prices for four months in the future can easi ly be more than 40% higher or lower than the spot

Price.

128 hm‘m www.eia,govidnavng NG PRI_FUT 51 Duhim.
' The values associated with January 2020 show the ratio of the price nftln: Jamuary 2020 future contract from

December 2019 (“M+1"), November 2019 (“M+2") October 2019 (“M=3"). and September 2019 (~“M+4") divided
by the January 2020 spot price.
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Historic Henry Hub Futures Price vs. Spot Price
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Figure 19 - Historic Hewrv Hub Futures Price 1. St Price

Q110. IS THIS VOLATILITY LIMITED TO THE NEAR-TERM?
AT10. No. The price volatility of futures spans the time horizon of offcred contracts, although the
price swings are most pronounced for contracts in the subsequent 12 months. Figure 20 below

shows changes to the daily scttlement curve for futures from January 20, 2021 through January

28, 2021.1%0

"* Data obtained from CME Group at hitps://www cmegroup.com/ lip/scitle’.
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Daily Futures Price Change in January 2021
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Figwee 20 - Daihy Fuires Price Chanee i Jamwary: 2021

The lack of hguidity’s impact on price formation is clearly delincated i this chart.
Daily changes for near-term futurcs on the left side of the graph show sizable. variable. and
continuous changes from month-to-month, reflecting the higher volume of trades across those
contracts. By contrast, the daily changes past January 2024 are almost always constani slep-
changes of 0.5% increments overlaid with small seasonal variations. For instance, the vellow
line representing the change from 1/24/21 to 1/22/21 (the previous market day) reduced out-
year coniract prices by roughly 1.5% from 2025 through 2033, The very next day, the hght
blue line showing the change from 1/25/21 to 1/26/21 increased prices by roughly 1% from
2024 forward,

There is no rational underlying explanation for why the price of natural gas between
four and twelve years in the future would suddenly and uniformly drop by 1.5% in a day only
to rise suddenly and uniformly 1% the next day. And yet these types of daily moves are
common, despile a complete dearth of daily policy changes that in theory could drive long-

term shifts in supply and demand in the physical natural gas market that affect prices. Because
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of this arbitrary shifting, if Duke had obtained its 10-year swap on 1/25/21 instead of 1/22/2],
its long-term price forecast would have been 1.5% lower for the duration of the IRP planning

horizon.,

C. The Price Volatility Around Duke s Forecast Lock In Timing Highlights the Fiaw of Using

Furures for Lone-Term Pricing

Q111. DO THESE PRICE SWING TRENDS PERSIST OVER LONGER TIME FRAMES?

AllL Yes. While I do not have bulk access to daily historical futures price settlement data, 1 was
able to extract the price of certain contracts at several dates over the past 18 months. Figure
21 below is a graph of the weekly price of a January 2022 futures contract going back to
2010."" When this future was first offered, the long-term [orecasts [or natural gas were
suggesting much higher prices. As the fracking boom occurred and supply was increased, the
price of the futures contract fell. Notice that while the January 2022 contract price followed
the long-term downward trend consistent with new natural gas supply, major swings stll
vccurred back in 2010 through 2012 that were not supported by the trading volume that was

present over the past year (indicated by the bars in the lower-right corner of the graph).
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Figwre 20 - January 2022 Futwres Coniract Weekly Prace Histon

While Figure 21 above represents the price of only one futures contract for January
2022 as it evolved over time, Figure 22 below is a complex chart showing the price history ol
the January futures contracts from 2022 through 2030, with 2022 in blue, and 2023 through
2030 in progressively lighter shades of green.'** | have also included small inset charts that
show the futures price curve on specific dates, demonstrating the relationship between the

spacing of lines on the main chart and that day’s futures curve shape (high or low. inclined or

flat),! ¥

"2 This charl can be interpreted as snapshots of the shape of the futures curve graph that has price on the v axis and

time on the x axis.

'* The futures price curve is a chart with price on the v axis and time on the x axis. The inset charts represent the

price of January forwards that were available on those dates,
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Figrre 22 - Evolugion of Natural Cay Futures Prices 20032021

On its own, this chart is somewhat difficult to inlerpret, but two kev ohservations
emerge. First is that for most of the past ten years, the graph of the futures prices had an
upward-sloping trajectory. This is visible in the higher prices for successive vears showing up
in order of color. Sometimes, such as in 2013, the lines are further apart, indicating a steeper
upward slope. Other times, such as in the summer of 2014, they are closer together. indicating
a flatter slope. Second, the overall curve has fallen in absolute value over time. from in the
§5.00 - $6.00 per MMBtu range in 2014 to the $2.75 - $3.75 per MMBtu range in 2019,
reflecting the long-term increase in supply brought on by the fracking boom.

Q112. HAS THIS CONSISTENT, UPWARD-SLOPING FUTURES CURVE PERSISTED INTO THE RECENT
PAST?

ATI2. No. Beginning in 2020, the dynamics of the futures contract market changed. Figure 23 below
zooms in on the past eighteen months of data. The lefi side of the chart from summer 2019

mirrors the historic trends, with an upward sloping futures curve. albeit at lower absolute levels

8l
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than in prior years. However, 2020 has broken from the past trends. The futures curve has

moved around substantially, sometimes inverting (where short-term prices (blue) are higher

than long-term prices (green)) only to quickly revert back weeks later.

NYMEN:NGF2O2Z, 10 3.060 W 0057 [-1.23% | 002,177 H:5.127 LI 057 C-1.060

Figwre 23 - Everlution of Navwal Gos Futures Prices 2009 - 2021

The rapid movement of the futures curve in 2020 means that the market prices that
form the first ten years of Duke’s natural gas price forecast were locked in at a time when
volatility was at a recent high. Figure 24 below shows the January futures contract prices for
2022 through 2030 for selected dates in the past 10 months.'* On March 9. 2020, the futures
curve was still sloped steadily upward. By Apnl 9, 2020, the front portion of the curve had
inverted, while the out years” price had fallen roughly 7%.'"* A bit more than a month later.

on May 14, 2020, the inversion deepened, and long-term prices fell further.

'* January contracts typically have the highest prices of the year and are used as a proxy for the underlving fuel
price over lime.

" April 9, 2020 was the date that Duke uscd to establish its natural gas market price forecast and its high and low
natural gas price forecasts. Exhibit KL-17.
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Futures Price Evolution - 3/2020 through 1/2021
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But this position was not held for long. By August 7. 2020, there had been a steep
climb of the curve. with the inversion gone for all but 2022 and 2030 prices rising more than
25% [rom their May lows. By the end of October 2020, the curve shilled dramatically again:
the inversion was back and stronger than any time in the previous year. Finally, at the end of
January 2021, the inversion shified again, with near-term prices falling while long-term prices
rose,

DO THESE RAPID AND MAJOR SHIFTS IN THE FUTURES CURVE SIGNAL CORRESPONDINGLY
MAJOR SHIFTS TN THE FUNDAMENTAL DYNAMICS OF THE NATURAL GAS MARKETS?

Mo. The fluctuations in 2020 are most likely due to short-term supply, demand. and storage
constraints combined with the sizable uncertainty due to COVID working their way into long-
term forecasts. This is similar to what was shown above in Figure 20, where out-vears had
wdentical changes from day to day. If one strings together enough consecutive days of hot
summer weather or mild winter weather expectations on top of the rapidly evolving

coronavirus situation, the 0.5% daily changes can add up.

83

/2 J0 Gg 9bed - 3-Gzz-6102 # 194904 - DSOS - Wd 00:€ 22 IudV 120z - a3 114 ATIVOINOY L0313



I

Lad

=23

But to suggest that the fundamentals of the U.S. natural gas that drive long-term supply
and demand jerked up and down in 2020 to this degree is to misstate the nature of
“fundamentals™. Figure 25 below shows a simplified version of Figure 23 above with only a
few selected dates. The darker green lines represent near-term contracts while the lighter
represent long-lerm contracts.

Future Curve on Selected Dates
s39p /15019

$3.70
53,50 -
87120 15126/20 p— Jan-2
E iy an-24
= 53.30
= 1/30/21 izt
= lan=23
3f9/70
£ $3.10 i A
i &/ 5— lan-26
S/1419 /S N m N
52.90 AN B2 lan-27
./r# # —ie ?'1_.—"_'-\":‘;1'
P .4 12/8/20
2021/20  apapa0 an:23
52,50 30
PR FIEPFFFIELIPPFRD P DR
[ RS PN S

Figure 25 - Future Cieve on Selecred Dares

Q114. WHAT DOES THIS MEAN FOR DUKE’S NATURAL GAS FORECAST?
All4, Duke locked in its market price forecast for natural gas and its high- and low-price natural gas

price sensitivities on April 9, 2020, right in the middle of a major period of volatility in futures

/2 J0 9z 9bed - 3-Gzz-610z # 19904 - 9SdOS - Wd 00:€ 22 IudV 120z - a3 114 ATIVOINOY L0313

markets, and very near to the lowest price point in the market in several vears. Had the swap
been priced a bit earlier or later, the natural gas prices for the first 15 years of the TRP would
have been substantially different, potentially producing substantially different IRP results as
well. Figure 26 below shows the percent change in the January futures contracts on cerlain

dates compared to Duke’s annual market price forecast.
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If Duke had locked in prices a month carlier. its gas price forecast from 2025 through
2030 would have beer o 1o -_'lu higher. a non-trivial amount. If they locked in prices a month
later. the prices would have been| ", toi_Yo lower. If they had refreshed their forecast in the
summer, prices could have been b tol_ 8 higher. These are not small variations. nor can
they be considered forecast sensitivities. They are simply the result of relying too long on
highly volatile prices from financial derivatives to establish or influence prices for all 15 years
of the IRP planning horizon.

Nor can this issue be blamed on the strange and hopefullv-not-repeated circumstances
of 2020 and the COVID crisis. As shown in Figure 22 above, there have been plenty of tmes
in the past when the entire futures curve shifted up or down substantially in a short period. For

instance, sarly 2016 saw prices falls rapidiy onlv to recover a few months later, and early 2017

featured a substantially flatiening of the futures curve over the span of weeks.
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